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ABSTRACT 


The cocoa price mechanism is examined by spectral 
analysis and cross-spectral analysis using spot prices of 
cocoa. «First, spectral analysis is carried-out for prices 
from the New York Cocoa Exchange and then for prices from 
the London Cocoa Terminal. Secondly, cross-spectral 
analysis is carried out to determine any lead-lag relation- 
ships which may exist between the two series. It emerges 
from the spectral analytic study that there are significant 
cyclical and seasonal fluctuations with definite time periods 
in the price series and from the cross-spectral analysis 


that the two series are related. 
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CHAPTER I 


INTRODUCTION 


This thesis deals with the analysis of economic 
time series, where a time series may be considered as a 
set of observations arranged sequentially in time. The 
series we analyse is spot prices of cocoa. Our strategy 
will be to look at the series, not in the domain of time, 
but in the frequency domain, that is, by spectral analy- 
Sis. The terms will become clearer as we progress. 

The study begins in Chapter 2, where we take a 
close look at the behaviour of the time series of cocoa 
spot prices by examining its trace. Graphical presenta- 
tions of two realizations from two different markets, the 
New York Cocoa Exchange and the London Cocoa Terminal 
Association, are given. 

inechaptemes mal OeSCripelons OL tie  LOrerunner sO 
spectral analysis, periodogram analysis, and of spectral 
and cross-spectral analysis are presented together with 
the works of earlier economists in the field. This chap- 
fereis made up of history, theory and applications. 

Chapter 4 presents the practical estimation as- 
pects of spectral and cross-spectral analysis. It was 
found necessary to include the material presented here 
in order to promote a better understanding of the theory. 
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The results of our analysis are presented in Chap- 
ter 5. Here we not only look at prices in the two markets 
separately but also the interrelationships between the two 
series. 

Chapter 6 is a summary of results and is the clos- 
ing chapter. 

Whilst a number of studies have been done on the 
cocoa industry and on cocoa prices, notably by Labys and 
Granger [28] and Weymar [37], none of these looks at prices 
in a way that has been done in this study. Also, since the 
method of analysis employed here is mathematical, an occa- 
sional equation here and there has been unavoidable and in 
fact has been necessary throughout the presentation. 

The power spectral estimates have been obtained by 
using a computer program developed by Karreman [27] for the 


IBM 7090, and modified here for the IBM 360/67. 
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CHAPTER 2 
COCOA PRICES 


2-1 The Spot and Futures Prices for Cocoa 

Observers on the cocoa scene believe that cocoa 
price movements fall into three groups: a long term, a 
medium term and a short term. It is also believed that 
each movement has its own generating mechanism. In this 
study an attempt will be made to discover any periodic 
movements alleged to exist in cocoa prices. 

The dynamics of the long term movements is assumed 
to stem from that simple model of cyclical price behaviour, 
the cobweb mechanism. Low prices which come about as a re- 
sult of over-supply, no doubt, lead to decline in new plant- 
ing, which after a time lag, leads to price rise, resulting 
in more planting, more cocoa yield after a lag, and, fie 
nally, a price fall. Things may not be that simple in the 
real world, but this is the basic picture. We note that 
the minimum time span between planting and harvesting is 
four to six years. Expectations generate the medium term 
movements; expectations, that is, of consumers and inven- 
tory holders, and the short term month-to-month price fluc- 
tuations are accounted for by speculators in the world 


cocoa markets. 


a 

sono. 20d eauixt eapita’ bes segs ete f-6 

gaoo0o gAne svelited. often sosco Bid ao eravised0 cs q 
& .ved wool s <-squosp ea x62 ojnk [isl sedaemevom aie | 


guid beveled oaks ai JD ~ .1met atone Ss Oke axed rotbam 


ait of .malund:en pticzesemep ovo ert aad someaves doe 
oibelusa ~45 sevooebb oad sham od Iitw somites af gute f 
~panieg sa005 ni velxe of Gapelis ajnomsvem — 
Kawieee ai axeshsvom-miad paar Brit. to aolimnavd of? mt 
tuotveried enicq [ectloyn to Letom olqusa tat? act? mote o 
~—% & 28 S0ods saoe doldw asonig wed. ta inatigem dewdoo ce 
~jonia won mi anilved ot Ssef .3throh on ,.ylqqwe-aewo to 7 
pithdives: . seit eoing of ebael ,pal ania 5  wetis rfokeiw eat 
it ,hos ,nsl 6 198dIs Sioaly so9es Whom etignaaiq vied rk 
aff mi ofqmbe derl4 od ton ysm eyaid? .[fe2 soteg a» ye 
sade codon of .exudoigqg oiead effd ai aide aud ,BLrow Ie 
2i pnisesvtisd bos pnitashq ssewsed nage omit mmntalst oft 
mot mikbom of? ststonsp endiisyveqxa .axsey xte of 
-nevuk Bas exomuanos Io et Jedd ,sheitsdoeqia red 
eae gpbaq cetnoni-o4-ita0m mxet s2oile ort bie at 
7 ee ee oe ee 


The short term fluctuations arise because a very 
high percentage of transactions in cocoa are forward sales. 
That is, the cocoa may be sold through intermediary middle- 
men and brokers long before it is shipped to the consuming 
countries, and hence some elements of speculation and hedg- 
ing enter into cocoa transactions, with the hedgers taking 
a position in the futures market opposite to that which 
they would hold in the spot or cash market and the specula- 
tors buying and hoping that a favourable change in futures 
prices would yield them profit. Basically, the speculator 
aims to make uncertain profit from his transactions in the 
market by virtue of his expectations and forecast, his 
price expectations being based sometimes on spot prices 
which are prices for delivery now, sometimes on futures 
prices which are prices for delivery at a future date, and 
sometimes on both. 

Futures trading in cocoa occurs on the New York 
Cocoa Exchange, the London Cocoa Market Association and in 
Amsterdam, the first two being more important than the 
third, but with the New York Cocoa Exchange the largest of 
the three.’ It is alleged that the three markets are re- 
lated and that any active buying of futures on the New York 
market, say, may reduce activity in London and Amsterdam. 
The relatedness of two of these markets will be tested in 
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give an indication of opening prices in New York since by 
the time the New York market opens at 10:00 a.m., trading 
will have started long before in London. 

Prices gyrate a lot on the futures market for cocoa, 
the causes being demand and supply conditions on the market. 
On the supply side are the vagaries of the weather and ran- 
dom disturbances such as strikes, wars and the threat of 
nationalization. Demand shifts come from variables like 
shifts in tastes, prices of substitutable commodities, and 
speculative buying which most often stems from change of 
governments and currency devaluation. Because prices are 
sensitive to random disturbances, cocoa prices are con- 
trolled to some extent on the New York Cocoa Exchange by 
setting price limits. Trades in futures during any day are 
not allowed to be made at prices varying by more than one 
cent per pound above or below the previous closing price. 
Prices are generally quoted in cents and hundredth of a 
cent per pound, and the minimum fluctuation is referred to 
as a point. On the London market, trades in futures are 
not allowed to be made at prices which vary by more than 
20 shillings per hundred weight above or below the previous 
closing price. Then there is a thirty minutes recess, 
after which trading may go on without limits. The same 
factors which determine the prices of the futures also 


strongly influence the formation of spot prices on the 
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three markets. In fact, spot and futures prices tend to 
move in the same direction, especially if an unexpected 
event causes a violent Swing in prices. Spots and futures 
market prices moving in opposite directions is unusual. 
There is also a tendency for the two prices to be about 
the same during a delivery month for a given grade of the 
commodity. In this study, spot prices of Accra beans on 
the New York and London markets are used for analysis. 
This is quite in keeping with the fact that Ghana, the 
world's largest producer, accounts for nearly 40 per cent 
of the world production of cocoa, whilst the United States 
and the United Kingdom are the largest importers and con- 
sumers. However, New York prices tend to set world cocoa 
prices. 

Prices paid to producers in the big three producing 
countries of Ghana, Nigeria and Brazil do not reflect world 
prices. The reason is that the governments of these coun- 
tries have all instituted Marketing Boards which purchase 
the cocoa beans from the producers at prices fixed by the 


Boards. The Boards then sell and export the cocoa. 


2-2 Price Behaviour 

Table 2-1 shows the monthly average spot prices of 
main crop Accra beans in New York in cents per pound, and 
Table 2-2 the monthly average spot prices on the London 


market in shillings per hundredweight. The plot of the 
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data in Table 2-1 is shown in Figure 2-1 and that of Table 
2n2ainehigure 2-2. “The trace shown in Figure 2-1 fs" one 
realization of the cocoa price series. In Figure 2-1, the 
point zero corresponds to January 1946. The plot termin- 
ates with November 1972 price. The plot reveals some in- 
teresting aspects of cocoa prices not immediately discern- 
ible from Table 2-1: fluctuations in spot prices. 
These fluctuations are shown in Figure 2-l. The price of 
Ghana cocoa was 8.9 cents per pound just after World War II 
in September 1946, 51.0 cents per pound in November 1949, 
18.9 cents per pound in June 1949 and 68.9 cents per pound 
in July 1954, the highest price during the 323 months or 
the 27-year period examined here. In March 1957, the price 
dropped to 22.5 cents per pound, rose to 48.9 cents per 
pound an June 1958 and hit sock bottom insduly i965—eat) 1202 
cents per pound. In between the high and low points were 
numerous erratic fluctuations. 

Figure 2-2 shows the plot of the London series. 
The zero point corresponds to January 1956 and again the 
plot terminates with November 1972 price. Again the fluc- 
tuations in prices are apparent. The overall shape of the 
plot bears close resemblance to the shape of the plot of 
the New York series for the same period. The resemblance 
is so close that a plot of the New York data for the period 


January 1956 - November 1972, which is the period covered 
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by the London series, is shown in Figure 2-3, for careful 
comparison. An examination of Figures 2-2 and 2-3 immed- 
iately shows similar patterns in price movements in the 
two markets. The prices are not the same, however, as a 
closer look at the fine ends of the two graphs reveals. 
This is to be expected because of different movements of 
futures prices on the two markets due to different environ- 
ment disturbances, one such disturbance being the threat 
of currency devaluation. 

To find out if there is a trend in the series, the 
New York price series for the period January 1946 to Novem- 
Herelor2 was Tecressea on time t,. thw, 2,6. ces poea yt tO 
obtain the equation 


Ces 52. 04908-2702 0074t 
CMS HS) Fo cmmy nes SLI Sa) 


The t-statistic for the independent variable, time, was 
found to be -1.2197 and the t-statistic for the coefficient 
was found to be 28.5817. The trend is thus negligible and 
hence no attempt has been made to remove it from the data 
for spectral analysis on the basis of this fact. 

The fact that prices of cocoa from December 1972 
upward were unavailable from the source of data collection 
at the time of this study makes it impossible to comment 


on the behaviour of prices after November 1972. 
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In the next chapter we take a look at the method 
which will be used to analyse the time series of spot cocoa 


prices depicted in the graphs of this chapter. 
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CHAPTER 3 


FREQUENCY DOMAIN METHODS IN ECONOMICS: 


HISTORY, THEORY, APPLICATIONS 


3-1 Motivation 

Economic time series may be described as being made 
up of four components: trend, cyclical, seasonal and ir- 
regular. The trend is a long term movement which shows the 
overall tendency of the series and hence changes as the pro- 
cess changes through time. It may be considered to be of 
infinite period, and consequently, of very short frequency. 
It thus shows up in the near zero frequency range when one 
applies the technique adopted in this study. It shows up 
as a peak in the spectrum and may thus mask the emergence 
of any long cycle in the series. We shall not be very con- 
cerned with the trend here. This is not because the trend 
is unimportant, but our method of analysis is not suited to 
PtSsestudysmeghnere yexistyother simpler sand eftective ways ot 
dealing with the trend. 

The cyclical component of the time series will con- 
cern us here. This component may be regular or irregular 
and describes the fluctuating nature of most economic vari- 
ables. It shows up in spectrum as a peak, and the narrower 
the peak; the more distinguishable and regular it is. 
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However, the absence of a peak does not imply the absence 
of cycles*in the series. ‘If the-cycles are sufficiently 
irregular, the peaks may not show up even though cycles are 
present. 

The seasonal component is a variation which occurs 
within the year and is more regular than the cycle. The 
cause of the seasonal pattern is mainly climatic but other 
factors, institutional and traditional, may contribute to 
its presence. This component may also be detected in the 
spectrum as a peak. Since we shall be pre-occupied with 
the time series of an agricultural commodity our interest 
in the seasonal component will not be minimal. 

The irregular component is a purely random phenom- 
ena arising out of the activities of speculators and hedgers 
and random decisions of producers and consumers in a 
nation's economy. The component does not show up in the 
spectrum as a peak but as a flat curve because a purely ran- 
dom phenomenon has a uniform spectrum over all frequencies. 
This component will also occupy our attention in this study. 

As seen above, a time series, or equivalently, a 
stochastic process, may be purely random or not purely ran- 
dom. Economic time series are never purely random. What- 
ever the case may be, one way of analysing the process is 
to look at its autocovariance function, defined by 
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for the discrete parameter time series 


Bak t=0, f1, *penint ora} 


in practice, R(t) “is estimated by 


A el: _ _ 
E(t) ae= de ite PIP ee ene) 
ic LO 
where p=- 2 P. 
saci 
p is the mean and n is the length of the process. tT is re- 


ferred to as the time lag of the points in the series. A 
plot of R(t) against Tt provides information for determining 
the autoregressive scheme of a process or for testing its 
randomness. This is a time-domain approach. For two time 
series with different scales of measurement, it is useful 
to look at the normalized autocovariance function called 
the autocorrelation function and defined by 


Y¥{L) = ary 


where R(0), is, by definition, the variance of the series. 
y(t) has the property that it lies between -1l and +l. 
Again, a plot of y(t) against tT, called the CORRELOGRAM, 
gives a picture of the way in which the series damps out 
with time lag t between points in the series. 

Yet another method, available to us for analysing 
time eseries,;' is: to" lookvat its spectrums This approach*“is 


rather involved but quite rewarding, as we shall see anon. 
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There are two basic principles underlying such an approach. 
The first is that a time series or a stochastic process, 
can be decomposed into a superposition of sine and cosine 
waves of different frequencies and random amplitudes or 
variations. The second is that the process is stationary. 
The process can then be described by the lower moments of 
its probability distribution, these moments being the mean, 
the variance the covariance and the Fourier transform of 
the covariance function, the power spectrum. It is this 
third approach which is adopted here. 

The question immediately arises as to why we want 
to examine the power spectrum and not the autocovariance 
or the autocorrelation function. After all, the observa- 
tions are functions of time. The answer is that we are 
looking for cyclical patterns in the time series. Time 
domain methods stress the dependence of observations along 
the time axis, and for neighbouring observations which in- 
fluence one another, the autocovariance or the autocorrela- 
LIOielSROLLLIUCULTESLOSLULCI DLE... sulle me a LeGUCKCY OG pert 
odic™ approach is best suited to our purpose. But, why 
look for cycles at all? It is-contended that if one is 
aware that cyclical or seasonal patterns exist with defin- 
ite time periods one may be more capable of analysing the 
patterns further and devising methods for the purposes of 


control. 
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3-2 The Periodogram 

The beginnings of spectral analysis go far back to 
the usesof the!pertodogram of Sir®ArthurtSchustere[35 eto 
estimate the spectrum. The procedure, periodogram analy- 
sis, utilizes the principle that any collection of equally 
spaced values of a variable may be represented by a finite 
Fourier series, or that a time series may be represented 
aS a superposition of sinusiodal waveforms with independent 
amplitudes. The periodogram is the plot of a function 


£45) against the frequency d5 where one version of £, 05) 
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for a discrete parameter time series 
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of length n. 

The periodogram was supposed to be able to discover correct 
cycles in a series, but this only held true if the series 
under investigation were strictly and genuinely periodic. 
If the series were not strictly periodic, erroneous conclu- 
sions could be drawn. The first reason behind the periodo- 
gram presentation here is that earlier frequency analyses 
in economics were based on this method of analysis which 


was later found to yield an inconsistent estimate of the 
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spectrum. Its use in economics dates back to Moore [30] 
who used the periodogram to study rainfall in the Ohio 
Valley and to Beveridge [3] who used it to discover the 
existence of cycles in Western and Central European wheat 
prices. An extensive account of the use of the periodo- 
gram to study stock prices using monthly closing quota- 
tions of the Dow-Jones industrial stock price averages is 
given by Davis [6]. Davis's book also covers other uses 
of the periodogram such as the analysis of annual data of 
commercial paper rates of the Cleveland Trust Company for 
the period 1831-1930, annual data of Rail Bond prices of 
the Cleveland Trust Company for the period 1831-1930 and 
of business failures in the United States during the period 
1867-1932. The last study was actually done by Greenstein 
[19]. The second reason is that even though the original 
periodogram was found to be an inconsistent estimate of the 
power spectrum, periodogram averaging in the frequency 
domain through the use of the Fast Fourier Transform now 
presents one fast and efficient method of estimating the 
spectrum. 

The original periodogram may be said to have lived 
a short life. Its discontinued use stemmed from the fact 
that tirstly,,it Was able to detect “hidden periodicities” 
even in series so constructed as to contain none. Secondly, 


it was found to be an inconsistent estimate of the power 
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spectrum. And as if the above two were not enough, its 
computation was quite time consuming. Generally, too, the 
methods of the physical sciences were thought to be in- 
appropriate for the study of social science phenomena. But 
with the advancement of mathematical methods in statistics, 
one of the results of which was the search for consistent 
estimates of the spectrum, and with the advent of the com- 
puter which wrought drastic changes in computational speeds, 
the study and application of frequency domain methods came 
to the fore, especially in the engineering sciences. 

The economists, whether it was in the spirit of 
keeping up with the Joneses, or to render their analysis 
more rigorous, or both, were not to be outdone. Works on 
frequency domain methods of analysis in economics were not 
lacking in the 1960's. Not by periodogram analysis, though, 
but by spectral analysis since the latter method yields a 


consistent estimate of the power spectrum. 


3-3 What is Spectral Analysis? 

Spectral analysis is a statistical method of esti- 
mation. The estimate we seek is the power spectrum or the 
spectral density function. These two are almost the same, 
butenct wuLte. .sA fines distinction willobe slated later on 
in the discussion. Like its predecessor the periodogram 
analysis, spectral analysis is based on the principle of a 


time series being decomposable into sinusoidal waveforms 
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under the assumption of stationarity. Wold [38] in 1938, 


showed that for a stationary discrete parameter time series 


(Peon... 


there exists a non-decreasing bounded function aoae defined 
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The function FO) is called the spectral distribu- 
tion of the time series and can be decomposed into an ab- 


solutely continuous function Bee (\), a Singular continuous 


@ 
function en \*) and a purely discontinuous function or step 
function Be eS Since Bea) has no practical significance 
from our point of view and economic time series are not 
Strietly perzvodeso that Fq (A) also holds no meaning for us, 
these two will be dropped out of the discussion, leaving 
Bex anis) as the function of interest. Bers) is assumed to 
have a derivative £(A) which is a non-negative function. 
£(A) is the spectral density function or the power spectrum. 
Tt is perhaps useful to be aware that the Wold rep- 
resentation in terms of the covariance sequence of the 
series is not the only existing one for arriving at the 


spectrunmsOuetheweserics again athe gliterature, one may also 


encounter what is known as the Cramer representation which 
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iS Givensin,terms,o£ the series itself as 


P ayiete”” az HA) 
Pp 
No occasion arises for the use of this representation and 


is mentioned here as a point of interest. 


3-4 Stationarity 

As we mentioned in the two previous sections, the 
assumption of stationarity is crucial to spectral estima- 
tion. A time series or stochastic process may be station- 
ary or non-stationary. Formally, astochastic process is a 
sequence 
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of random variables, the set T, called the index set, be- 
ing arbitrary and infinite. When T is countable, the 
stochastic process is said to be a DISCRETE-TIME process. 
If T is. an open or closed interval on the real line, the 
stochastic process is said to be a CONTINUOUS-TIME process. 
Ttneioee — ol), the index set TI is time. (in) Chapter 5, we 
deal with a sample of the process called a REALIZATION or 
SAMPLE FUNCTION of the stochastic process. This realiza- 
tion extends indefinitely into the past and the future, 
and constitutes a single time series. A stochastic pro- 


cess is a universe of such series. 
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A stochastic process 


(Pert etre} 


Tomeotnictlvestationary 1fLeror any finite seusorsintceders 
fone tor seeeey Creal i and for every integer t, the dis- 
Cer DoUuctonson Peyr Peoreesees Pte is the same as the dis- 
CEEDULTON OL Peytt 1 Ptott 1 seers Penat- Tf the first 
order moments exist, then stationarity implies that 


E(P,) = E(Pi 43) Bo) ess as © eiejns ts aletetets sf elsteiotiy( 5, 4—2) 
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Most economic time series do not fulfill the 
assumption of strict stationarity. A weaker form of 
stationarity must therefore be considered. Fortunately, 
this weaker form of stationarity, known variously as WIDE- 
SENSE STATIONARITY, COVARIANCE STATIONARITY, SECOND-ORDER 
STATIONARITY or MEAN-SQUARE STATIONARITY is adequate for 
spectral analysis. If a stochastic process is covariance 
stationary with mean zero, then the following conditions 


hold 
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The conditions are stated with mean zero because for such 
a process no generality is lost by assuming that 
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wencrally, RW) 1s.4a munction time t and the time lag 7, 
but for covariance stationary processes, R(t) is a func- 
tion of tT onlyt, @@steictly stationary process need not 
have finite second moments, and hence need not be covar- 
ijance stationary, but if it does have second moments, then 
the strictly stationary process is also wide-sense station- 
ary. The converse is, however, not true. But if a covar- 
iance stationary process is also Gaussian, then it is nec- 
essarily strictly stationary. These statements can be eas- 


ily proved. 


3-5 The Spectrum as a Decomposition of Variance 

The discussion in this section is carried out for 
the continuous case. Consider a time series 
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The autocovariance of the series is 
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By the Wold representation, the time series possesses a 


spectral density function or power spectrum defined by 
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obtained by taking the Fourier transform of R, (7): oweles 


assumed that £0) has a continuous second derivative. 
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Equation (3.5 - 2) states that the spectral density or 
power spectrum of a series may be considered as the decom- 
position of the variance at different frequencies. That 
is, by looking at the spectrum we are actually looking at 
the contribution to variance of the series made by each 


frequency component. The spectrum is thus the frequency 
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analogue of the variance in the time domain, and hence 
spectral analysis may be likened to the classical analysis 
of variance. For a finite sample record of size n, with 
finite sample autocovariance, the sample spectral density 
function is defined as 
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£50) is known as the population spectral density and E (A) 
n 
as the sample spectral density. It is shown by Anderson 
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ers distinguish between spectral density and power spectrum. 
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The term spectral density is then given to the spectral 
estimates computed from autocorrelations and the term power 
spectrum is reserved for the estimates when autocovariances 
are;used,in,the computations: (See Jenkins, [25]). In this 
sense, the term power spectrum will henceforth be used since 
our estimates are computed with autocovariances. 

This section gives three facts: 

A. The power spectrum of a time series is the 
Fourier cosine transform of the autocovariance function. 
For practical estimation purposes, the sample power spec- 
trum is defined as the Fourier cosine transform of the 
estimate of the autocovariance function. 

B. The sample autocovariance function and the 
sample power spectrum are a Fourier transform pair. 

Cs. »From equation, (3.5 .- 2), it is; noted, that the 
spectrum of a time series may be considered as the decompo- 
sition of the variance at different frequencies. 

To close this section, it may be mentioned that a 
very long series of data is needed to obtain a good esti- 
mate of the spectrum. Granger and Hatanaka [15, p. 61] 
consider n = 200 a desirable minimum, although they note 
that crude estimates have been obtained with series as 
short as 80 observations. 

Spectral analysis does not require the specifica- 


tion of a model. Explanation of causality is not its 
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objective unless one employs cross-spectral analysis. It 
is nonparametric, and only seeks to confirm or deny the 
existence of cycles in a time series. .In the next isection 


we take a brief look at cross-spectral analysis. 


3-6 A Look at Cross-Spectral Analysis 

For ease of exposition, let us denote the New York 
spot price series by 

boomer eee) meee 0203) 
and the London series by 

ae ae ee 220) 


with spectra £ L(A) and £04) respectively. Assume both 

series to be stationary for the moment. As under auto- 

spectrum, one could examine the relationship between the 
two series by looking at cross-covariance functions 
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to look at the relationship 
frequency domain and once 


comes to the rescue to yield 


(A) 


again the Wold representation 
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xy .. XV ; 
where 
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is called the POWER CROSS-SPECTRUM. 
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The coherence measures the degree of association between 
the two series at) different frequencies; It is the fre- 
quency domain analogue of the correlation coefficient, 
thus a value of C(A) near 1 indicates that the components 
are closely related at the frequencies in question while 
a low value near zero indicates no relation. The plot of 
C(A) against 4, o < A < m7, is known as the COHERENCE 
DIAGRAM. The phase measures the lead-lag relationship be- 
tween the two series at different frequencies, that is, it 
tells us whether or not one series is leading another. It 
goes without saying that the coherence diagram must be ex- 
amined first since there is no gain in examining the lead- 
lag relationships of two series which are not related. A 
prot ,ofGY (i)magamnster ;p0e<ek)< a pps oknown easmthe cPHASE 
DIAGRAM. The estimation of these functions will be among 
the subjects discussed in the next two chapters. 
3-7 Some Earlier Works in Economics Using 

- Spectral and Cross-Spectral Analysis 

In this section works done by economists using 

spectral and cross-spectral analysis will be reviewed. We 
first give a bird's eye view of the field, and then concen- 


trate on two topics on which detailed work has been done. 


3-7-1 Overview 
The works of economists on spectral analysis have 


been as varied as their interests. Applications to 
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econometric models have been provided by Naylor, Wertz and 
Wannacott [33], Chow [4], Hatanaka and Suzuki [22], Granger 
[11, 12] and Howrey [24]. The long swing hypothesis has 
been examined by Adelman [1], Hatanaka and Howrey [21], 
Howrey [23] and Harkness [20]. Purely theoretical present- 
ation has been given by Godfrey [8]. The textile industry 
has net escaped the attention of Naylor, Wallace and Sasser 
[32], nor the automobile industry of Sweden the discerning 
eyes of Brandes, Farley, Hinich and Zackrisson [4]. Using 
hypothetical yields on British Government Securities, 
Granger and Rees [18] have used cross-spectral analysis to 
examine the term structure of interest rates. General works 
cn spectra have been done by Granger [14] and Morgenstern 
[31], Granger on the spectral shape of an economic variable 
and Morgenstern on the justification for employing spectral 
analysis in economics. Spectral methods of dealing with 
seasonal adjustment of data have been the occupation of 
Nerlove [34] and Godfrey and Karreman [10]. Lastly, stock 
market prices have been analysed by Granger and Morgenstern 
[16, 17] Godfrey, Granger and Morgenstern [9], and Granger 
RSA 

Of the works mentioned above, interest will be 
focussed mainly on the long swing hypothesis and the spec- 
tral janalysis of stockmarket prices, because it sis on, these 


two that extensive work has been done. 


— hon ee ae, 7 7 

a : 

: 7 
ee 

Bae admot! ,zolyalt vd hebtyotq asad oved 2lebom 

Seceety, TSS) Llvave Bre siiendies . 0] wort) ieee 


aan wiesticoy! pitwe parol oat +{PS) yvatwor Bas Ts . 
[L} seatsbA yo Benimaxe | 


.[09] azentest Bas PES) 


S026) verwch. brs sindsisn 
<jnrgeentq Laoitetosds yiarnd 
yxvenbnr oftsxss ent LB) YeS2bod v2 aevip ceed 2nd . 
se¢e80 Ban coellaw ,20lysv to Aoljnedis sid beqaoee sod 4 


pAindieoeth aft cehowd t4 vateaubal el lacnesys ofy 160n- 
aA 


ontey .{] noesrs test ‘bos foLiach (yol ts ,2ebae ta 2o ae > 
aabtizsoo2 ¢taammrsvoo fareiad co ahbLesy 

oz eipyfans letzosqe-2a019 bsaw sven {BL] soot Bae 
eiiuayt Lsierep estes tastetal 39 sito ome suis 
nredeaSepsoM bas {hl} xopmexd yd anob nesd sve 
sidatvaey oimoroos ts to sqste Inttoaqe adi fo tegeere 
[et2a9eace pAtyolams 1or toftdso fitter: add no 


djtw philfssh. to.aboitsjon leagoogs .eximonness wt eleyt SS 


Yo notsaquozo sft nosd saved eyob to tnendau tbe 92598 
us 
xoota ,viseat «(9T) camestar hes veatbod brs [be] 104 


nisteferpiom bis repneu yd Boayleas cead oved zoning 4 jot: rom 
tepmsxd bos, [2] srstenspioM bras tspasi10 sont 168 a 


a 
ed ILiw aeorsinr ,svodse bonoitaam asdrow owt 20 as : 


“page bose bas altesdtogqyea priwe pnol ont no int ge mes 90: 
siete om at 3h seusood vesanae 4teAnsm anode as . 


-Sn0b 19 esd Arow ON bans a 4 a | 
: “i ae 


34 


3-/-2 Thettong swing Hypothesis 

Adelman [1] was the first to use spectral analysis 
to study business cycles in the economy of the United 
States. She sought to confirm or reject the long swing 
hypothesis which postulates the existence of fluctuations 
of duration ranging between fifteen and twenty years in 
the United States economy. Her approach was to filter the 
series for output, capital stock, employment, investment, 
productivity of labour and other variables, compute their 
spectra, and look for the long cycle. Her conclusion was 
that there existed no cycles ranging from fifteen to twenty 
years. The cycles given by the spectral estimates, Adelman 
observed, were spurious ones introduced by the filtering 
process and spectrum averaging. 

Howrey [23] has determined the spectral estimates 
of various macroeconomic variables with regard to the long 
swing hypothesis. He examined the spectra of series of 
gross national product, consumer durables, industrial pro- 
duction and many others, and came to the conclusion that 
the long swing frequency band which should be centered 
around 1/20th cycle per year was very weak indeed. So weak, 
in tact, as to render them insigniticant.** He aiso™~pointed 
out that the use of filters introduced biases into the 
spectral estimates, and consequently, long swings were 


noticed where none existed. 
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A year after Howrey's paper mentioned above had 
been published, Hatanaka and Howrey [21] questioned 
Adelman's methodology and her conclusions. To them Adelman 
had not chosen an appropriate truncation point for the 
proper resolution of the spectral estimates. Nor had she 
successfully surmounted the problem of trend removal. The 
filtering process had, therefore, lessened the significance 
of some important peaks in the spectrum, and because of im- 
proper resolution the spectral estimates were not independ- 
ent enough to warrant any good statistical testing. There- 
fore, her conclusion that the estimates of the spectrum ob- 
tained offered no evidence of long swings was premature; 
further investigation was called for. 

It may be surmised from the above that the use of 
filters has marred the attempt to discover the long swing. 
Milter ingvis sin tact, the Most Gi trr cult aspect, OL spec— 
tral estimation. A filter designed to remove power at low 
frequencies should remove power at the desired frequencies. 
However, this is not always the case. For example, Slutsky 
[36] has shown that if sum and difference filter is applied 
to white noise whose spectrum is the same over all frequen- 
cies, the output is a sine wave. It is apparent, then, 
that the presence of some cycles in economic time series 
may be explained by the smoothing procedures used on the 


data. 


bat avotis henotsnom 199q6q e'youwoH wtts wey hk 4g 

benoidaseo [IS] vanes fine sienste® , borlesicng need 
~ot fies ypoloborzem a ‘namtobs 
atnixdovage «6 weeoto Jog bag 
codemtitce Lavtbega od7g 20 aolsuloees, Jagoes 
+o metdosq sd¢ botovomme yhieieaeoags 
-sacasq palsot £23 


asmfebA maid oT .2aofaudonon 

edt tot tatoq notsanntss 
etta bed ton 
efit .devomot Ansty 


goasotiinete eft heasess! ~ereterets , ben 


cmb 25 getansd Bra .tuisfosde sdt AL araeg instsognd sapa, © 
=-bascsbr! tom stew = sjEemitee Iextosqe ono noltoloees tegoxrg 
—Sa9i(T 4 Itsgotsesisapze doe seosane of tiewene tae 
«io mrcfoece ant To (enisse edd dart? nosesiedos ted ', S202 
°SauJaneis th aptiwa whol Io eo) bivs on bewe®to honis? 
203 Belles em tiopbieeverdk xadi142 

to peu edt 4eH4 ovots add mow beeintaye sd yar az on 
spaiwe pitod and xevooelD oo tamedte ovis hex ven end erotiii 


-pam8) Jo Josdes tiuattilh Jeqm ort .Jae2 ME a Be orixecs Lit 


wol 3s tsewoc 6s berpiesbh ssaiszt A 
* 


roitemiteas SJaxg 
galenoupest. boxiseb odd-3s wwe Ssvonez Sivas noLopaupas? 


.9#80 “6d¢ cvewisn jor al ett, .wevawgt 
hetlqgs 21 te¢iI sonerelitb bre me i tec? awoda ast (BE) 


amy 


visdul2 ,eigttexs 107 


-—ecpoat? [is Yevo amsa enri:} 
1543 ,iosteagqe 2f AT 


aeainan amit ainionoos nt 


etid nO Beauv aouhasord paldioon: wid yo Bookelqes od. yam 


si murtseqe seoiw eaten ethdw oF 
-aVew sche 6 oi tiqgup of? «sete 
aoloyo aioe to agnodgenq edd tang 


-et8b 


36 

The problem of trend elimination, when testing the 
long swing hypothesis for the Canadian economy, fills a 
greater part of Harkness's paper. Harkness [20] chose har- 
monic regression as the trend elimination procedure because 
of its predictable effects on low frequency variations. 
Using forty-eight series of wholesale prices, output, im- 
ports, exports, population, immigrant arrivals, total sales 
of Canadian bonds and total sales of corporation bonds, 
with some of the series in money terms and some in real 
terms, all data Canadian and all 60 to 100 years long, he 
found an average period of 10 to 14 years long for all the 
series. The long swing hypothesis is a fact for the Cana- 
dian economy, and this makes Harkness's results very inter- 
esting. It also confirms Hatanaka and Howrey's rejection 
of the Adelman conclusion. It is here conjectured that 
long swings may exist for the United States economy also. 

One further result which makes Harkness's study 
interesting is that the long swings which appeared in the 
series in real terms were longer than those which appeared 


in the series in money terms. 


3-7-3 The Random Walk Hypothesis 

The stock market is a speculator's market; its an- 
alysis is of importance to investors, financial analysts 
and, Of course, to speculators. The question that has been 
asked with regara to stock market prices 1s this: do stock 


market prices follow a trend, knowledge of which will make 
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future prices predictable or do the prices follow a random 
walk? The random walk hypothesis states that prices of 
stock in pteriod t denoted by Py equal prices in period 
tee, denoted by Ppoy plus white noise U,- 
Symbolically, 


eu 


PCat t 


Three cases may be distinguished. The series of prices Py 
iSeaestrict, randomewalksif u, and Ups 
pendent..,1f,thescondition-£for,strictirandom walksehoids, 


s # 0, are inde- 


and in addition the u, are all identically normally dis- 
tributed, then Py is a Wiener process. If Uy and Menez 
s # 0, are just uncorrelated, we have a second order martin- 
gale. A colourful interpretation of random walk is that it 
represents the steps of a drunken man as he moves along a 
straight line. A similar interpretation for martingale is 
that the process represents the winnings of a gambler who 
on each play of the game either loses or wins. That is, if 
Py represents the capital of a gambler after time t and if 
the best are 'fair' in the sense that they result in zero 
expected gain to the gambler, then Pyr te>o0 jw forms iagmar— 
tingale. A Wiener process is a stochastic process which 
may be used to describe the highly irregular motion of mic- 
roscopic particles suspended in a liquid. 

The implications of the random walk hypothesis run 


counter to the beliefs of practical financial analysts. 
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For, the model implies that past values of absolute stock 
market prices contain no pertinent information as a guide 
for predicting future prices. The method used by Granger 
and Morgenstern [17] in their analysis was to estimate the 
spectrum of first differences of price series of stocks 
without transforming the data. This provided useful infor- 
mation only for the short run. To discover the long run 
properties of the series, the trend was removed by a mov- 
ing average procedure before calculating the spectrum. 
The results from both analysis were that the random walk 
model provided a good fit for very short term movements of 
stock prices, but not for the long run. In the short run, 
therefore, stock market prices cannot be predicted. 
Godfrey, Granger and Morgenstern [9] reached the same con- 
clusion by taking the logarithm of price series from the 
London and New York markets, removing the trend by regres- 
sion and estimating the spectrum of first differences of 
the logarithmic price series. The work of Godfrey, Granger 
and Morgenstern differed from the work of Granger and 
Morgenstern in that the three authors not only utilized 
data from the London market but also used cross-—spectral 
analysis to show that the random walk mechanism operated 
even when the market was closed. 

The random walk mechanism basically operates on two 


assumptions. The first is that price changes are random 
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variables, independent and identically distributed. The 
second is that the changes conform to some probability dis- 
tribution, usually taken to be Gaussian, with variance 
assumed finite. Mandelbrot [29], however, has suggested 
that the differences of the logarithm of the prices, say 
ea is a ramdom sequence, independent and identically dis- 
tributed from a Pareto-Levy distribution with infinite 
variance, where 

log py ~ log Py = ¥y 
This is the Stable Paretian hypothesis. Further discussion 
of the Stable Paretian hypothesis may be found in Fama [7]. 

It has been alleged by some practical financial an- 
alysts that stock market prices are predictable and that 
one can make money by "playing the market." But if statis- 
tical tests with real world data indicate that the behaviour 
OfLapeEces jon ethe stock market, at Least for the short run, 
USenGtaspredrctablesbut wandom, wand 1f jin particulars the ran— 
dom process is a random walk or a martingale, then one may 
be cautious in speculating since one stands as much chance 
Of winhingeaseog Losing. 

Recently, Labys and Granger [28] have attempted to 
find out if commodity prices follow a random walk. They 
examined the first differences of futures prices for thir- 
teen commodities and first differences of cash prices for 


six of the thirteen commodities whose futures were also 
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studied. Some of the commodities were potatoes, eggs, corn, 
oats, cocoa, copper, flax, soybeans and rye. The observa- 
tions, mostly monthly but some weekly and some daily, cov- 
ered mostly the period January 1950 to July 1965. The com- 
modities were taken from the American market. Groups of 
one to four were assigned to the commodities on the basis 
of how near random walk the price changes were found to be. 
Cocoa spot and futures prices fell into group one, the 
group whose price changes closely resembled a random walk, 
Since the spectra of the members of this group were well 
within the 95% confidence band constructed about the hori- 
zontal average of the spectral estimates. Examination of 
daily price changes for cocoa futures covering the period 
August 1964 to July 1965 revealed negative autocorrelation 
for cocoa prices. Since prices showed a steady downward 
movement in that period an explanation for the upward slop- 
ing spectrum was hard to come by. Lastly, using monthly 
data for the period 1950 to 1965, no significant lead-lag 
relationship was found for spot and futures prices of cocoa. 
The main conclusion drawn from the exercise was 
that whereas the random walk model provides a very good fit 
for stock market price changes, the "model is a cruder ap- 
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CHAPTER 4 
PRACTICAL CONSIDERATIONS 


4-1 Autospectrum Estimation 

For the practical estimation of the autospectrum 
(to distinguish it from the cross-spectrum) use is made of 
the estimate of the mean and the estimate of the autocovar- 
iance function of the price series. These estimates are 


given by (Jenkins and Watts [26], pp. 171-189) 


clon) R—0e! Antes (pas. pyipened-ab)e 


However, knowledge of these two estimates and the 
Fourier transform of the autocovariance function would not 
necessarily yield a consistent estimate of the power spec- 
trum. For, that simple procedure will be appropriate only 
when the time series under investigation is strictly peri- 
odic. For time series not strictly periodic, it is neces- 
sary to estimate the average band centered around a fre- 
quency rather than the power at a precise frequency. How- 
ever, when this is done, the bias in the estimate 1s taken 
along with the true estimate of the spectrum. If the bias 


is small, the spectrum is said to be reproduced with high 
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FIDELITY or RESOLUTION. When the fidelity is small, a large 
Menrance or low STARIUITY is most likely to result.) Tf the 
estimate has a small variance, it is said to have high STA- 
BILITY. High stability may result in low fidelity and low 
stability in high fidelity. In practice a compromise must 
be made between the two. 

To achieve this compromise, the usual principle is 
to apply a weighting function w(t/m) known in the time 
domain as the LAG WINDOW, to the estimated autocovariance 
function before taking its Fourier transform. The Fourier 
transform of the lag window, that is, the representation of 
the lag window in the frequency domain, is known as the 
AVERAGING KERNEL or SPECTRAL WINDOW. The typical shape of 
a lag window is one large lobe centered at some frequency 
doe flanked by smaller lobes or side lobes. An acceptable 
lag window would possess small side lobes to reduce or 
eliminate LEAKAGE, and permit a reasonable compromise to 
be made between fidelity and stability. The effect of leak- 
age, a distortion of the spectrum caused by the manner of 
observation, is. to blur the power spectrum,.consequently 
spreading power to nieghbouring frequencies instead of be- 
ing concentrated at a single point. It thus introduces 
bias into-thesspectralyestimates. | »The,;source,ofythes trouble 
lies in dealing with finite instead of infinite samples. 


The suppression of the side lobes, or equivalently, the 
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reduction of leakage, is one reason for the use of lag wind- 
ows. 

There are several lag windows in the literature: 
Bartlett, Hamming, Hann, Dirichlet, Fejer, Lanczos, Blacman- 
Tukey and Parzen. The Parzen window has been chosen for 


our estimation. Lies of the form 


1-6(=)? (1 - =), foro<1t< F 
w(—) = Zhe = ue for =< t<m 
m i.” 2S ae 
0, ene” ae Pes ctl 


where m is the maximum number of lags or number of frequency 
bands for which the spectrum is estimated. For this window, 
the corresponding estimate of the autocovariance function is 
taken to be 

A n- (t-1) n n 


ut ik 
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The desirable properties of the Parzen window are that sta- 
tistical variability is reduced when using this window and 
also the power spectral estimates are nonnegative, a fact 
which is consistent with theory. The Blackman-Tukey lag 
window, on the other hand, can give negative estimates. 

This is not necessarily undesirable since negative estimates 
may indicate low power, leakage or possibly oscillating 


power in the neighbouring frequency bands of the negative 
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estimate. When the Parzen weighting function is applied, 
equation (3.5-4) becomes 


== R, (0) +s SEPA EN UN Sneac Sadho iH i8 
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and the equation used for the actual estimation is 


LeCe - of: Dis 
£, (Kk) = ge fc, (0) +22, (r)costht wit ee (41-2) 
n = 1 seati 


Where ik "=a "O) "lr Fo. mm us a -given=time age Ihe’ valueroL Kk 

which gives the largest value of (k) is the lag most sig- 
n 

nificant in explaining the variance of prices. 


From equations (4.1-1) and (4.1-2), it is seen 


that 
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where f is the frequency in cycles per unit of time and hye 


is the angular frequency ‘in radians per ‘unit of time. 


Hence f = 
2m 
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where 6 is the period. 
Varying the number of lags or the truncation point m 
affects the smoothness of the spectral estimates. Several 


truncation points, 45, 60, 75 and 90 were tried before 
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choosing 60 lags. There is no known method of choosing an 
optimal value of m. The number of lags has been chosen by 
examining the spectra obtained using the various lags of 
45, 60, 70 and 90 and also with the advice of Granger and 
Hatanak ate 155lip-<.6lie inimindy that cori smalenijumi taken as 
n/5 or n/6é is a reasonable choice. Figures 5-1 and 5-2 
show plots of the spectra of the cocoa price series esti- 
mateds warthi 60 «andey/Sillags.0h Lows inoteditthat femeiss too 
large, spurious peaks appear in the spectrum and may be 
mistaken for genuine peaks. In this case, as stated ear- 
lier, the bias is small but the variance is large, and the 
spectrum is said to be well resolved, or has high fidelity, 
but low stability. If mis small, the variance is small 
but the bias is large and the spectrum has high stability 
but low fidelity. In the latter case, a genuine peak may 


ber smoothed out Ofs existences if mtsmtoor smalls 


4-2 Filtering 

It was observed in Section 3-lthat economic time 
series are traditionally decomposed into trend, cycle, 
seasonal and irregular components. The presence of trends 
in mean and variance of the series renders the series non- 
stationary, so that application of spectral analysis would 
yield incorrect results. 

There are two approaches to the problem. One is 


to estimate the spectrum of the series without any data 
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transformation and then disregard the peaks in the low fre- 
quency range of the spectrum since it is in the low fre- 
quency range that trends manifest themselves in the spec- 
trum. However, the problem is not solved that way, for it 
is also in this range that cycles of long periods make their 
appearance. If the raw series is therefore estimated, apeak 
in the low frequency range of the spectrum would most likely 
be the result of cycles with long periods, and trends. This 
leads to the second approach: transform the series in a way 
to remove the trend and make it as near stationary as pos- 
Sible before spectral estimation. However, the problem of 
filtering is not a simple one. One must consider the effect 
of the filtering process not only on the trend but also on 
other components of the series. Filtering is, in fact, 
based on the assumption that the four components can be lin- 
early added and that they are independent. But this assump- 
tion is much open to doubt. A filter designed to remove a 
trend may also remove a cycle. Any adjustment of data to 
make it stationary is, therefore, at best, an approximation. 
In view of this, and the fact that the estimated trend us- 
ing the New York series was negligible, the data used here 


have not been adjusted in any way. 


4-3 Aliasing 
Aliasing is a problem which arises from data samp- 


ling. If data are sampled at very close intervals such as 
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weekly and monthly, the data tend to be correlated and if 
at long intervals such as yearly, aliasing results. If 


data are taken at intervals of At years per sample, or in 


terms of frequency, = samples per year, then the infor- 
mation content of data taken at (At) years per sample or 


m Samples per year is lost. In such a situation, the 


highest frequency about which there is information is < 
and is called the FOLDING or ALIASING or NYQUIST frequency. 
Frequencies in the original data above the Nyquist fre- 
quency will be folded back into the range 0 to = and are 
Said to be aliased with the frequencies in the range 0 to 

f = = It must be remembered that shorter periods of time 
imply higher frequencies and vice versa. The frequencies 
which are aliased add power to the spectral estimates in 
thes0eto: t.=— re frequency range. The result is biased es- 
timates. One method of dealing with the aliasing problem 
is to sample at such small intervals that no data can be 
ignored at the cut-off frequency point. The second method 
is to filter the data before sampling to eliminate informa- 
tion above the desired maximum frequency. Since the data 
analysed here were collected monthly, no information can be 
obtained regarding periods of less than 2 months or fre- 
quencies greater than that corresponding to the 2 month 


period. Also due to the symmetry in the definition of power 


spectrum the only frequency range worthy of practical 
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4-4 Cross-Spectrum Estimation 
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The estimation of cross-spectrum follows almost the 


same steps as the estimation of auto-spectrum. 


Using the 


notation of Section 3-6, we compute the estimate of 
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and the Parzen weighting function, the COSPECTRUM 


and the QUADRATURE SPECTRUM are computed respectively as 
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where k and w(t/m) have the same meaning as they had under 


autospectrum. 


From the co-spectrum and the quadrature 
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spectrum emerge 
(1) the cross-spectrum: 


5 = i 
Behm pha) €t fig wei) 
(2) the coherence 


Pry (K) + ay, (k) 


c(k) = £, Uk). 2) (k) 
and 


(3) the phase: 
Ee, 
Yi(k) t=@arctan I'D OR 
The phase angle is measured in radians. The value of k 
which gives the highest value of coherence indicates that 
the two prices series are highly correlated in that partic- 


ular frequency and the period of the related cycles can be 


computed as before as 


a PA 
Seri¢k 
The difference in phase between the two price series can 


be computed by 
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It is important to note the fact that if no lag exists be- 
tween the two series the phase ¥(k) will be zero for all k. 
We also note that the phase difference 8 could be fractional 
as well as integer since fractional lags are possible to ob- 
serve. Also, as mentioned earlier, it is not useful examin- 
ing the phase ¥(k) if the coherences do not indicate that 
any relationship exists between the two series, and lastly 
if one series is not simply lagged to the other but there 

is a feedback between the two series, the complicated theo- 
retical shape of the phase diagram permits no meaningful 
interpretation of the lag structure. To be specific, if 
spot prices of cocoa on the London market influence signif- 
icantly, in some way, the spot prices on the New York mar- 
ket, and vice versa, then the phase diagram will look com- 
plicated and we cannot tell the lag structure of one series 
on the other by examining the phase diagram. The phase 
Giagram of the two series shown in Tables 2-1 and 2-2 will 
be examined in the next chapter. There is as yet no satis- 
factory method for investigating feedback of economic vari- 


ables in the frequency domain. 
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CUAPTER Res 
RESULTS 


S-ig introduction 
In this chapter, the results obtained from the an- 
alysis using methods described in Chapter 4 and the data 


of Tables 2-1 and 2-2 are presented. 


5-2 Spectrum of Data from the New York Market 

The spectra of raw cocoa price series, New York 
spot Accra, are shown in Figures 5-1 and 5-2. For the es- 
timation of these spectra use was made of all the 323 
monthly observations. Throughout the presentation the data 
used has been post-war data since wars affect the low fre- 
quency range of the spectrum (Granger and Hatanaka [15, 
bre o 9). 

The first observation to be made concerns the shape 
of the spectra. The spectra decrease with increasing fre- 
quency and display the "typical" shape made famous by 
Granger [14]. This shape is typical of most economic time 
series even when there is no trend in mean. The typical 
shape suggests that the series can be represented by a 
first or second order auto-regressive model. The shape al- 
so tells us that the series are positively correlated. One 


advantage of spectral analysis is that the frequency 
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analysis allows the concepts of long run and short run to 

be specifically stated. An examination of the spectra in 
Figures 5-1 and 5-2 reveals different periodicities in the 
price series. Before examining the peaks in the spectrum, 
we hasten to comment that we are estimating a function and 
not a point, so that consideration is given to bands of fre- 
quencies as well as points centered on these bands. We al- 
so interpret the spectra bearing in mind that the trend inthe 
price series is negligible. Another point to note is that 
Granger and Morgenstern [16, p. 138] state that any trend 
in the data shows up in the frequency range 0 to T/n, and 
Granger [14] states that the trend shows up in the range 0 
to 21/n. For 323 observations, T/n = 0.0097 which is very 
small indeed, whilst 27/n = 0.019. We now proceed to exam- 
ine the peaks in the spectra. Using 60 lags the peaks ap- 
peared in frequency bands 0.0083 to 0.0250 centered on 
DaULOsy -mOs0GCSo  COnUsLUUUS Centered OU. 091 770.9171 tO 
02-2083 centered on the frequency 0.2000; 0.3038 to 0.3250 
centered on the frequency 0.3167; 0.4000 to 0.4250 centered 
on 0.4167 and finally in the band 0.475 to 4.4917 with cen- 
tre at 0.4833. The corresponding periods using the points 
in the centers of the bands are 59.88 months or 4.99 years, 
TOecl months, S montis, oso montis, 2.20rana 2.03 montns. 
For the estimation using 75 lags, the corresponding centered 


frequencies are 0.0133, 0.0867, 0.2000, 0.3200, 0.4133 and 
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0.4800 corresponding to periods of 75.19 months or 6.27 
years, 1Trs3 months; S°months? 93513 Ymonths? "2 542°monthstand 
2.08 months. From the estimation using 60 lags the band 
O70083~to 0T0250-gives an” interval of"40 to%120°months}¥and 
from the band 0.0067 to 0.0200 obtained by using 75 lags we 
have a time interval of 50 to 149 months. A close examina- 
tion of Figure 5-2 shows that the spectrum shows slight in- 
stability. For instance, a peak shows at the frequency of 
0.2800 with period of 3.57 months. This peak is not so pro- 
nounced in the estimation using 60 lags. There the peak is 
overshadowed by the one at frequency 0.2000. The peak at 
0.2600 4n figure 5-2™is theretore*spurzoust= In Pact, *=tor 
60 lags, we have 20 degrees of freedom where v, the number 


of degrees of freedom per estimate, is calculated as 


x n 
OE eS 2 (—) by 


where by is the standardized bandwidth of the Parzen win- 
cowwandnisiequalSte 1.86 (Jenkins,and Watts,.[26 ,4p.4.2524)., 
whereas with 75 lags we are left with approximately 16 de- 
grees of freedom. Now, if the number of degrees of freedom 
is large, the estimate is more reliable in the sense that 
it has smaller variance. What we have done by increasing 

m is to reduce the bias and increase the variance per esti- 
mate, thus introducing peaks which were not present in the 


estimation using 60 lags. 
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5-3 Spectrum of Data From the London Market 

Here, we are dealing with 203 observations covering 
the period January 1956 to November 1972, and for the pur- 
pose of comparison the New York data was divided into two 
parts and spectral estimation was carried with data cover- 
ing the same period as the data from the London Market. 
Figure 5-3 shows the plot of the spectrum of the cocoa se- 
ries, London spot Accra, estimated with 40 lags. Figure 
5-4 shows the same series estimated with 50 lags. The spec- 
trum estimated with 40 lags shows a peak in the band cen- 
tered on the frequency 0.0250 which corresponds to a 40- 
month cycle, and a peak in the band centered on the fre- 
quency 0.4125 corresponding to a period of 2.42 months. 
The spectrum is very smooth even with the estimation using 
m equal to 1/5 of the data and a degree of freedom per es- 
timate of approximately 19. Examination of the spectrum 
estimated with 50 lags and hence with 15 degrees of freedom, 
Showl tn Figure 5-4: , indicates a sharp peak in the fre- 
quency band 0.0100 to 0.0300 centered on 0.0200, and weak 
peaks in the bands centered on frequencies 0.1100 and 0.4100, 
corresponding to periods of 50 months or 4.17 years, 9 months 
and 2.44 months. The corresponding New York data estimated 
with 40 lags, shown in Figure 5-5 yielded periods also of 
40 months and 2.42 months, the frequencies being 0.025 and 
0.4125 respectively. The presence of 40-month cycles and 


2.42 month cycles argues strongly for the presence of the 
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annual component in the two short series. 


5-4 Cross-Spectra of the Two Series 

As stated earlier, the objective of cross-spectral 
analysis is to discover the relationships between the two 
series and to find out if one series is leading the other. 
In Figure 5-6 is shown the coherence diagram for the two 
short series and the corresponding phase diagram. The co- 
herence and the phase diagrams are shown on larger scales 
in Figures 5-7 and 5-8 respectively. All coherences lie 
between 0 and 1. The coherence diagram indicates a number 
of significant correlations at various frequencies. At 
these frequencies the two series are subjected to the same 
influences. 

Taking the periods at which the two series are 
strongly related as the starting point, we next examine the 
phase diagram for any lead-lag relationships. That one se- 
ries may be leading another is indicated by the fact that 
the phase diagram is not flat. However, for there to be 
any meaningful relationship between the two series, the in- 
Gividual cyclical components corresponding to the frequen- 
cies at which the coherences are high must also be signifi- 
cant for each of the series considered separately. This 
happens to be the case for the 40-month component only. 
Since there is more activity on the New York Exchange than 


there is on the London Terminal and since the United States 
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is the largest importer and consumer, it may be asserted 
that the New York series leads the London series. Table 
5-1 gives some values of the coherence and phase where the 
coherence values are high. Table 5-1 also shows some val- 
ues of phase differences calculated according to equation 
(4.4-2). As mentioned above only the 40-month component 
is of interest, and for this 40 months per cycle fluctua- 
tion, it is the London series which leads the New York se- 
ries by 2 days. No cogent reason can be advanced for the 
peculiar shape of the phase diagram except to say that in 
such highly organized markets as the London Cocoa Terminal 
and the New York Cocoa Exchange, there is a strong likeli- 
hood of feedback of information regarding prices between 
the two markets. The plots of the raw series in Figures 
2-3 and 2-4, showing similar overall shapes may confirm 
this: 

The graph in Figure 5-7 shows that the coherences 
are not unimormly high.j This points }to thejract that there 
are factors appreciably affecting one series but not the 
other, at various frequencies.) To find outjif this is the 
case we have plotted the SPECTRAL ESTIMATES OF THE RESI- 
DUALS given by 


S(k) =) fl aec(h)) [£,, (k) 1 , 


c(k) being the squared coherency and £, () the spectrum of 


the London Series 
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The residuals are similar to the residuals in 
Ordinary regression analysis and the estimates give one an 
idea of the possible perrodicities in the London series 
which are not present in the New York series. The graph 
of S(k) is shown in Figure 5-9. The only significant peak 
occurs in the frequency band 0.1250 - 0.1625 and is centered 
on the frequency 0.1375 which corresponds to a period of 
7.27 months. This indicates that some factor affects the 
London series causing a fluctuation with a period of 7.27 
Mouuisc;, Dut Chal Cilis=facctOr 15 NOt Silgurercant ror Luc 
New York series. It would be interesting, from the point 


of view of speculation, to know what this factor is. 


na mounad> aM ab sezbiorbotvie oiasaso oa 8 
dqety oT .avitéen Avo wen ode. ai sdaewd, ome aie 
Aseq, taaoitiagia yino ol’? (022 oxupst ai awode a 
nesos1s9 pk bas d801.0 ~ dhl .0 bind yousimes? ety at 1 
to hORtaq 5 od abtoqeotsoo Aoddw evfi.0 yorenpea’ 

edd Adoatis 26jos2 sive Sars setsotbuk ake 
'f.X Jo bokzeq 6 dylw qnobisgdobli-s pazeese setter éof | 
Pci 

10% _i < 


afd 10% thogitinpte ton 2k totoat atte poet sud 3 


jnioy ott weed (pnittastesa2, ed Hiwow +t as cia c 


sak tosS5x% alia tedw word of lo intweage Ae 


CHAPTER 6 
CONCLUSIONS 


In this thesis an attempt has been made to study 
the fluctuations in spot prices of cocoa in the frequency 
domain. The overall shapes of the spectra obtained using 
the two series from the London Cocoa Terminal and the New 
York Cocoa Exchange indicate that diverse mechanisms are 
at work in generating the series of spot cocoa prices. 

The typical shape implies that a long run component exists, 
and indeed long cycles of 5 years using 60 lags and of 6 
years using 75 lags were found. If the intervals are con- 
sidered, we have periods of 3.33 to 10 years using 60 lags 
and=4eL7@toel2 f4"years=using” /5*lags. -rA~40=month cycie 
showed up even in the short series. However Weymar [37], 
using methods other than spectral analysis states a cycle 
Oftaboutell+years. “Ihe “facts ‘about the "cocoa tree-are the 
followings © Sin ’Grenaday “a “lifetime “of*s0 "years “has been 
recorded; in West Africa, 50 years; and in West Indies 100- 
year old trees have been known to yield fruit. The young 
Gree Sheqine stoeyvield ein “tsi th*year- witha -vartation of 
4 to 6 years. Optimum yield is supposed to occur at about 
the 30th year and then a decline sets in. Once, however, 
fietyield begins, “1t™bears fruit “twice a“year, the major 
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one around December and the minor one in June. 

The fact that the peak with period of 10-12 months 
is well defined indicates its permanence. This, of course, 
is a seasonal fluctuation, with harmonics of 5, 3, and 2.4 
months. The 10-12 months period and the 5 month harmonic 
may be explained on the grounds that there are two harvest- 
ing periods for cocoa, a “main crop" which is harvested 
from October to March and a "mid crop" which is harvested 
from May to June. It is possible that the annual fluctua- 
tion is caused by the major harvest and the 5 month fluctu- 
ation by the minor harvest. Demand and supply conditions 
in the market and the level of inventories may thus explain 
these price shifts. The 2 to 3 months harmonics may be ex- 
plained of the basis of hedging and speculative behaviour 
on the market since the parts of the spectra in the fre- 
quency ranges 0.30 to 0.5 are relatively flat. 

Cross-spectral analysis indicated that the differ- 
ent price fluctuations are governed by the same factors. 
What affects spot prices in New York affects prices in 
London. An impending change of government in Ghana, Say, 
May cause the same shifts in prices on the two Exchanges. 
The shape of the phase diagram rendered it quite difficult 
to interpretation. However, on the assumption of absence 
of feedbacks, quite an unlikely one, a lead of 2 davs was 


found. The fact that the phase values were not zero 
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indicated some form of relationship, though. Also, since 
the phase diagram was found to be made up of straight lines 
with different slopes, there was strong indication that one 
series was leading the other and that the lead-lag relation- 
ship does change in the time domain as we move from one band 
of frequency to another. It suggests that different models 
may be fitted to different ranges of frequency. The two 
markets are apt, however, to possess feedback of information 
which significantly affects prices. Further work needs to 
be done in this area. Examination of the spectral estimates 
of the residuals showed that there is a seasonal fluctuation 
of period 7.27 months which though not very noticeable on 
the New York market is quite significant on the London mar- 
ket. No explanation can be advanced here for such a fluc- 
tuation. 

What are the implications of the above findings for 
decision making? What has been done here is to establish 
the EXISTENCE of phenomena. It is the first step towards 
prediction and regulation. Before an attempt is made to 
Predict and “control one must first ‘estabiish® the existence 
of the phenomenon. Having established existence one can 
then undertake further study of the process to know its 
properties. Only then can prediction and control proceed. 

The spectra of prices could help in model building. 


Knowledge of the cycles of long periods and the seasonal 
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fluctuations and of the shape of the spectra could lead to 
the construction of a realistic predictive model for cocoa 
prices which may be used to damp out some of the price 
fluctuations since these fluctuations affect the incomes of 
both producers and consumers. 

The cross-spectral method may be used to study not 
only two price series as done here, but also the price-pro- 
duction relationship, price-consumption relationship, crop- 
failure and price relationship and many other variables. 
Our study showed that the two price series from the differ- 
ent markets are governed by the same factors at several 
definite time periods, with the 40 month periodic fluctua- 
tion being the most Significant here. The price fluctua- 
tion of period. 7.27 months which was found Significant for 
the London market but not for the New York market could be 
put to use by speculators on the World Cocoa market if its 
nature could be ascertained, for example as to when such a 
fluctuation occurs, and what causes it, by further analysis. 

The findings here in no way contradict the results 
obtained by Labys and Granger [28] that cocoa price changes 
follow a random walk. As stated earlier, the shape of the 
phase diagram indicates that different models may be fitted 
to the “diviterent frequency ranges of the spectrum. ‘The 
high frequency range may be fitted with a model which is 
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frequency range. This just says that different generating 
mechanisms combine to produce the series. It could be a 
combination of an autoregressive process and white noise, 
or even a combination of more than two or three generating 
mechanisms. We note that the random walk model is not put 
forward to explain long term changes in either commodity 
Or Stock Spricesi.deit 15 a “ShoOrt-run model. » In fact, an 
examination of Table 3-1 in Labys and Granger [28, p. 69] 
reveals the efact thatratter.fa) tering, .the monthly cocoa 
futures prices for the period January 1950 to July 1965 and 
estimating the spectrum a business cycle of 48 months was 
found. 

We conclude by stating that spectral analysis is a 
fruitful approach to time series analysis in that it allows 
examination of the series in terms of time periods. Spec- 
tral analysis is also useful as an aid to model building. 
Finally, it is affirmed that fluctuations with definite 
time periods do exist in cocoa spot price series. These 
fluctuations may last years or months. Existence is a 
fact: it is on the question of how long these fluctuations 
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